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Abstract 
This paper presents a study of the near-field optical profile of corrugated surfaces obtained from commercial digital versatile disk 
(DVD) patterns using a scanning near-field microscope (SNOM). The profile of the SNOM light intensity collected is related to 
the topography of the samples. The SNOM patterns consist of a periodic modulated light intensity along the corrugated surface 
with the same periodicity of the topography structure. For the virgin sample, the light profile has intensity peaks corresponding to 
the ridges of the DVD structure. However, when the corrugated surface is metalized with a thin gold film of 30 nm thick, the 
SNOM light intensity peaks are centred in the valley of the DVD structure. A Finite-Difference Time-Domain (FDTD) model has 
been employed to simulate the SNOM experimental data.  
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1. Introduction 
Although the idea of overcoming the optical resolution limit imposed by the properties of light diffraction dates 
back to 1928 [1] it is not until 1986 onwards when reliable equipment for observation in the near-field with 
nanometre resolution, in the early days called Near-Field Optical Scanning (NFOS), begins to be commercially 
available [2]. The critical breakthrough was achieved when it was combined with the technology developed for the 
Atomic Force Microscopy (AFM) [2] whereby the optical fiber with nano-scale tip size was able to be accurately 
positioned and maintained only a few nm from the sample surface. This enables reliable collection of the light field 
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through the fibre tip and thus obtaining information over the light evanescent field. This break through has pushed 
the optical microscopic technique back as the protagonist in the study and characterization of sub-wavelength 
structures. The development of this technique ensures that it is one of the major techniques used in the study of 
nano-photonics [3, 4]. 
An additional advantage of Scanning Near-field Optical Microscopy (SNOM), as is now called, lies in its ability 
to simultaneously record the intensity distribution of light in near-field approximation and the topographic profile 
allowing correlation of the light field and the structure. However, the disadvantage is that the light evanescent field 
intensity is strongly dependent of the distance tip-sample surface and homogeneity of the sample. These two 
limitations are less relevant in far-field approximation where the light intensity recorded corresponds to contribution 
from a large area and less dependent of the tip-surface distance. Hence, in SNOM experiments high quality 
homogeneity in the sample is required as well a fine control of tip sample gap to obtain a good quality of the SNOM 
image profile.  
In a recent article Ramiro-Manzano et al. [5] have demonstrated a process to obtain aligned colloidal crystals 
using the corrugated surfaces of a commercial digital versatile disk (DVD) as substrate. Crystals thin films with 
large dimensions of 25x25mm2 and high quality and homogeneity were prepared. This result opens the possibility of 
using the easily available and low cost nano-structures such as DVD as template surface for nano photonic devices. 
In fact, low cost, large effective area and good homogeneity are relevant considerations in the commercialisation of 
nano-photonic devices [6]. 
This paper is to demonstrate the capability of the SNOM technique in the investigation of nano-structures and to 
show the possibility of using the corrugated nano structure of an inexpensive DVD as a template substrate. It also 
demonstrates the power of the Finite-Difference Time-Domain (FDTD) numerical simulation technique in 
modelling the observed near-field SNOM data.  
2. Experimental 
The samples used in this work were fabricated from commercially available recordable DVDs. The physical 
structure of the DVDs is composed of two polycarbonate plates, where one of them contains a spiral distribution of 
rectangular grooves (tracks) filled with a photosensitive polymer and coated with a metallic layer. The other plate is 
patterned with a complementary geometry, and the two plates are held together by a combination of adhesive and 
hot pressed process. The procedure to separate the two plates is straightforward, the bonding of the two plates is 
only at the edge of the disc hence once these are broken the two plates can easily be separated. This can be achieved 
mechanically either using a sharp razor blade to break the bond at the edge or forcefully pulled apart by using strong 
sticky tape adhered to each face of the DVD. The photosensitive polymer is then removed with a mixture of water 
and ethanol and the metallic film is peeled off. Finally the surface is cleaned and samples with high quality 
corrugated surface structure as large as few cm2 can be harvested. Two DVD samples were used in this 
investigation, sample-A is as is with no further treatment after cleaning, whereas sample-B had a thin, 30 to 40 nm, 
layer of gold film evaporated on to the corrugated surface. The thickness and the deposition rate of the metallic film 
were monitored in-situ by means of a quartz microbalance. More detailed information relating to the sample 
preparation can be found in reference [7]. 
Figure 1a shows the three-dimensional topographic image of sample-A’s corrugated surface obtained with an 
Atomic Force Microscope Park Systems PSI-100 (non contact mode). The profile along the perpendicular direction 
of the tracks is presented in Figure 1b. The topographic homogeneity throughout the sample was better than 2%. The 
parameters of the corrugated structure are: periodicity 750 nm, width and depth of the tracks 250 nm and 150 nm 
respectively.
The SNOM images were obtained using a Nanonics Imaging Ltd model MultiView 2000 TM working in the 
SNOM collection configuration. The front (smooth) surface of the sample is illuminated directly by a 532 nm 
doubled Nd:YAG laser beam and the transmitted light is collected by a 150 nm tip size optical fiber coupled to a 
photon counting system. Figure 2 shows the schematic of the SNOM setup in the collection configuration where the 
parameters of the corrugated structure obtained from Figure 1 are also specified. The propagation of the incident 
plane wave is in the x-direction and the polarization is either parallel (z-) or perpendicular (y-) to the tracks direction. 
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Figure 1. a) Three-
dimensional AFM image of the DVD corrugated surface. b) Topographic profile along the direction perpendicular to the tracks. 
In the SNOM MultiView 2000 TM the tip can be used in the tuning fork alternative contact procedure in which 
the topographic information of the samples under investigation can be measured simultaneously with the intensity of 
collected light. This enables a direct comparison and correlation between the topographic information and the 
optical data. From here on in the topographic information obtained using the SNOM tip will be referred as AFM-
SNOM as distinct from the AFM microscope data. A data processing program by Nanotec was employed to analyze 
the data. 
Figure 2. Scheme of the SNOM configuration in the collection mode. The parameters corresponding to the corrugated surface 
profile are identified. 
3. Results and Discussion 
Figure 3a shows the three-dimensional AFM-SNOM image of sample-A. It is important to note that the depth of 
the tracks is lower than that measured with the AFM microscope (Figure 1), and the ridges are ~10% narrower and 
less well defined. These facts are a consequence of the lower topographic resolution because of the larger diameter 
of the fiber’s tip used in the SNOM setup. Figures 3b shows the SNOM pattern obtained when the direction of the 
polarization of the incident light is perpendicular (y-) to the tracks direction. A periodic modulation of the collected 
light intensity is clearly observed with a periodicity of 750 nm. To facilitate comparison between the topography and 
light intensity pattern, the AFM-SNOM and SNOM profiles measured along the direction perpendicular to the tracks 
are plotted together in Figure 3c. As can be seen the SNOM intensity profile follows that of the AFM-SNOM. 
However, in contrast to the AFM-SNOM profile, the intensity is peaking at the centre (within experimental 
uncertainty) of the ridge, are much narrower, and the valley is much wider (similar in size to that obtained by the 
AFM microscope). It is worth to note that similar results were also found when the light is polarized parallel (z-) to 
the tracks. 
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Figure 3. a) Three-dimensional AFM-SNOM image of the un-metalized (sample A) DVD corrugated surface. b).The 
corresponding 3D-SNOM image obtained with the direction of the polarization of the incident plane wave perpendicular to the 
track direction. c) AFM-SNOM and SNOM profiles along the y axis. 
 Figures 4a shows the two-dimensional AFM-SNOM topography of sample-B (metalized sample). The 
AFM-SNOM topographic profile indicates that the corrugated structure is maintained after the gold thin film 
evaporation. Figures 4b shows the corresponding SNOM image when the direction of the polarization of the 
incident light is perpendicular (y-) to the tracks direction. A clear modulation of the same periodicity of 750 nm in 
both the AFM-SNOM and the SNOM patterns is observed. It is noted that the tracks structure is less well defined 
and its depth seems shallower as compared to sample-A (uncover gold sample). The most distinctive difference is 
that the SNOM intensity profile is now no longer in step, not in phase, with the AFM-SNOM profile. To visualize 
this more clearly, the topographic and SNOM line scan intensity along the y- direction is plotted in Figures 4c. It 
shows that there is almost a ʌ-phase shift between the two line profiles. This is in contrast to that observed for 
sample-A. A similar result was found when the direction of the polarization of the incident plane wave is parallel (z-
) to the tracks direction. 
Figure 4. a) Two-dimensional AFM-SNOM image of metalized (sample B) DVD corrugated surface. b) Two-dimensional 
SNOM image registered with the direction of the polarization of the incident plane wave perpendicular to the tracks direction. c) 
AFM-SNOM and SNOM profiles along the y axis corresponding to images displayed in Figure 4a. 
 Simulation of the SNOM data has been done by performing numerical calculations based on a two-
dimensional Finite Difference Time-Domain (2D-FDTD) model [8]. To simulate the SNOM results working in 
collection configuration the FDTD model considered a near-field probe with a 150 nm size tip aperture used to 
collect the transmitted light on the corrugated surface of the sample, as illustrated in Figure 2. In the calculations the 
parameters needed to be considered include a distance of 10 nm fixed between the sensing tip and the surface, a 
polarized plane wave of 532 nm travelling from the smooth side of the sample towards the corrugated surface, and 
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the physical dimensions and periodicity of the corrugated structure (Figure 2). For sample-B a gold thin film of 30 
nm thickness is assumed to cover the whole surface. 
 Figure 5a shows the SNOM profile simulations for the sample A, when the light is polarized perpendicular 
(continuous line) and parallel (dashed line) to the tracks direction. For an easy comparison with the DVD 
topography, the section parallel to the xy plane has been drawn in the same figure. The numerical calculations show 
a 750 nm periodic modulation with peaks centred on the ridges of the DVD, for both light perpendicular and parallel 
to the tracks. A comparison with the experimental results showed in Figure 3c indicates that the FDTD simulations 
reproduce well the SNOM data.  
 Figure 5b presents the 2D-FDTD simulation results for the SNOM profiles corresponding to sample-B, 
using a conductivity value of the metalized film of ı = 106 Sm-1 [9]. The numerical calculations for both light 
polarizations (perpendicular and parallel to the tracks direction) give a strong modulation in the light intensity with a 
periodicity of 750 nm, corresponding to the periodicity of the corrugated structure. However, at variance with the 
results found for sample-A (unmetalized sample) the peaks of the collected intensity are centred on the tracks and 
not on the DVD ridges. These results are also in agreement with the experimental data, presented in figure 4, where 
the location of the SNOM light intensity peaks are at the ridges of the tracks. 
Figure 5. a) FDTD simulations of the SNOM profiles for polarization of the incident plane wave perpendicular and parallel to the
track direction corresponding to the uncover sample (sample A). b) FDTD simulations of the SNOM profiles for polarization of 
the incident plane wave perpendicular and parallel to the track direction corresponding to a gold covered sample (sample B). 
 To conclude, we have characterized the intensity light response in near field approximation of unmetalized 
and metalized corrugated structures obtained from a digital versatile disc (DVD). In non metalized samples the 
SNOM patterns consist in a periodic light intensity modulation with the same periodicity of DVD structure. In both 
light polarizations studied, perpendicular and parallel to the tracks direction, the SNOM peaks appear centred on the 
DVD ridges. At variance, in DVD samples covered with a gold thin film of 30 nm the SNOM patterns in both 
polarization configurations present a modulation of the collected light with peaks centred on the tracks positions. 
The experimental results are in accordance with 2D-FDTD simulations for both bare samples as well as for gold 
covered samples. 
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